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METHOD AND APPARATUS FOR A GLOBAL 
NAVIGATION SATELLITE SYSTEM 
RECEIVER COUPLED TO A HOST 

COMPUTER SYSTEM 

RELATED APPLICATIONS 

The present application claims priority to U.S. Provisional 
Patent Application 61/099,081 filed Sep. 22, 2008, which is 
hereby incorporated by reference. 

FIELD OF THE INVENTION 

The present invention pertains in general to global naviga 
tion satellite system (GNSS) receivers such as Global Posi 
tioning System (GPS) receivers, and in particular to GNSS 
receivers which can be coupled to a host computer system to 
provide mutual functional Support. 

BACKGROUND 

Global navigation satellite systems (GNSS) such as the 
global positioning system (GPS) are widely used to obtain 
accurate location information based on the observation of 
satellite signals. This location information can be used 
directly for navigation or provided to other devices such as 
computers or communication terminals to provide enhanced 
functionality. 
A particular challenge upon start-up of a GPS receiver is 

obtaining a first position fix in a timely manner. This chal 
lenge stems from the fact that, given a relatively unknown 
position, highly accurate time information is required by the 
GPS receiver in order to locate and interpret satellite signals 
in a timely manner. In particular, accurate timing information 
may be required to accurately predict and/or interpret alma 
nac, ephemeris, and navigation signal data and associated 
signal delays therein indicative of satellite range. However, it 
is currently not feasible to provide a local clock which can 
maintain Sufficient accuracy for this purpose, particularly 
between successive activations of the GPS receiver. 

U.S. Pat. No. 5,893,044 discloses an apparatus for improv 
ing the acquisition time of GPS signals including a GPS 
receiver and a real-time clock circuit. The GPS receiver 
receives GPS signals including a precision time reference 
signal for providing a position based upon the location of the 
GPS receiver. The GPS receiver also includes an internal time 
base derived from the precision time reference signal. The 
real-time clock circuit is coupled to the GPS receiver for 
receiving a first time reference signal from the GPS receiver 
when the precise time reference signal of the GPS signal is 
available and for providing a second time reference signal to 
the GPS receiver when the precision time reference signal of 
the GPS signal is not available thereby allowing a fast acqui 
sition time of GPS signals when the GPS signals are tempo 
rarily interrupted or not yet available. 

United States Patent Application Publication No. US 2007/ 
0268180 discloses a generic navigation satellite system sig 
nal receiver having a fast time to first fix by calibrating a low 
power always-on real time clock (RTC). The receiver 
includes an RTC calibrator having a fraction calculator and a 
time expander. Before the receiver is powered off, the fraction 
calculator uses the fine resolution of a GNSS time signal for 
determining a time fraction for RTC time. When the receiver 
is powered back on, the time expander uses an estimate of 
RTC time drift during the time that GNSS receiver had power 
off and the time fraction for calibrating and increasing the 
resolution of the RTC time for an RTC time tick. A signal 
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2 
navigation processor uses the calibrated RTC time for assist 
ing a first fix with code phase search, integration time periods, 
resolution of epoch integer and/or location-in-space of GPS 
satellites. 
A problem with the above solutions is that they require a 

dedicated local clock. However, it may not be feasible for 
some GNSS or GPS-enabled devices to incorporate such a 
clock. For example, GPS adapters and GPS-enabled wireless 
adapters for use with a host computer system may not incor 
porate a dedicated local clock due to constraints such as cost, 
power, and space. 

Another method for obtaining an accurate time signal for a 
position fix operation is to obtain the time signal from a 
terrestrial network, for example a wireless network. For 
example, U.S. Pat. No. 7,236,883 discloses an aided GPS 
subsystem within a wireless device, the wireless device 
receiving an external clock signal which is forwarded to the 
GPS subsystem. However, reliance on an external network 
can increase cost and complexity of the device, and is subject 
to network service availability which may not exist in remote 
locations. 

Therefore, there is a need for a new method and apparatus 
for a global navigation satellite system receiver coupled to a 
host computer system. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide a global 
navigation satellite system receiver apparatus configured for 
operative coupling to a host computer system, the global 
navigation satellite system receiver apparatus comprising: a 
navigation interface module configured to receive a host time 
signal from the host computer system during a navigation 
operation, the navigation interface module further configured 
to provide a navigation time signal based on at least the host 
time signal during said navigation operation; and a satellite 
signal receiver module configured to use the navigation time 
signal to facilitate determination of a global time signal 
through reception of satellite signals during said navigation 
operation; wherein the global time signal is provided to the 
navigation interface module during an update operation, the 
navigation interface module configured to use at least the 
global time signal to configure one or more adjustments dur 
ing said update operation, said one or more adjustments con 
figured to facilitate future navigation operations. 

In accordance with an aspect of the present invention, there 
is provided a method of operating a global navigation satellite 
system receiver apparatus operatively coupled to a host com 
puter system, the method comprising: performing a naviga 
tion operation, the navigation operation comprising: provid 
ing a navigation time signal based on at least a host time signal 
from the host computer, using the navigation time signal to 
perform a satellite signal reception operation; and determin 
ing a global time signal at least in part based on information 
obtained from the satellite signal reception operation; and 
using at least the global time signal to perform one or more 
adjustments to facilitate future navigation operations. 

In accordance with an aspect of the present invention, there 
is provided a global navigation satellite system (GNSS) 
enabled system comprising: a host computer module opera 
tively coupled to a host real time clock, the host real time 
clock configured to provide a host time signal; and a global 
navigation satellite system receiver apparatus operatively 
coupled to the host computer module, the global navigation 
satellite system receiver apparatus comprising: a navigation 
interface module configured to receive the host time signal 
during a navigation operation, the navigation interface mod 
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ule further configured to provide a navigation time signal 
based on at least the host time signal during said navigation 
operation; and a satellite signal receiver module configured to 
use the navigation time signal to facilitate determination of a 
global time signal through reception of satellite signals dur 
ing said navigation operation; wherein the global time signal 
is provided to the navigation interface module during an 
update operation, the navigation interface configured to use at 
least the global time signal to configure one or more adjust 
ments during said update operation, said one or more adjust 
ments configured to facilitate future navigation operations. 

BRIEF DESCRIPTION OF THE FIGURES 

FIG. 1 illustrates a GNSS receiver apparatus according to 
an embodiment of the present invention. 

FIG. 2 illustrates a GNSS-enabled system according to 
another embodiment of the present invention. 

FIG. 3 illustrates a method for operating a GNSS receiver 
apparatus according to an embodiment of the present inven 
tion. 

FIG. 4 illustrates an apparatus including a GNSS receiver 
coupled to a host computer system according to an embodi 
ment of the present invention. 

FIG.5 illustrates the timing sequence of operations accord 
ing to an embodiment of the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

Definitions 

The term “global navigation satellite system,” or GNSS, 
refers to a generic satellite or pseudolite assisted navigation 
system in which electronic receivers can determine their loca 
tion with specified accuracy using line-of-sight radio signals 
transmitted by satellites. Determination of and/or synchroni 
zation with time as perceived by the satellites is also possible 
in this manner. Existing GNSS systems with global availabil 
ity include GPS (global positioning system) and the partially 
operational GLONASS. GNSS systems can also have 
regional availability, Such as China’s Beidou System and 
India's IRNSS system. Future GNSS systems include the 
European Galileo system and Beidou-2 as well as other pos 
sible systems or combinations of various systems. 
The term “time signal” refers to a time-varying signal 

defined over a time interval, such as a radio or electrical 
signal, which is indicative of the passage of time according to 
a prespecified format, such as coordinated universal time 
(UTC), GPS time, temps atomique international (TAI), local 
time, or Greenwich mean time (GMT). Two time signals are 
considered substantially synchronized within a time interval 
if they are substantially simultaneously indicative of the same 
passage of time within the time interval according to the same 
time format. 

The term “real time clock,” or RTC, refers to an electronic 
timekeeping device which can be used to provide a time 
signal Substantially indicative of current time according to a 
prespecified format, such as coordinated universal time 
(UTC), GPS time, temps atomique international (TAI), local 
time, or Greenwich mean time (GMT). For a free-running 
RTC, the time signal may not be exactly indicative of the 
relevant current time, but may be considered to be indicative 
of said time with a predetermined accuracy and/or precision, 
which may vary in time due to accumulated clock inaccura 
cies, power events, temperature variations, component varia 
tions, clock adjustment events, or the like. A typical RTC, for 
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4 
example as found in a personal computer, can include a crys 
tal oscillator circuit, one or more counters, and one or more 
power sources. 
As used herein, the term “about” refers to a +5% variation 

from the nominal value. It is to be understood that such a 
variation is always included in a given value provided herein, 
whether or not it is specifically referred to. 

Unless defined otherwise, all technical and scientific terms 
used herein have the same meaning as commonly understood 
by one of ordinary skill in the art to which this invention 
belongs. 
The present invention provides a global navigation satellite 

system (GNSS) receiver apparatus, for example a GPS adap 
tor or GPS-enabled wireless adapter, which is configured for 
operative coupling to a host computer system. The host com 
puter system provides a host time signal, for example from a 
host real time clock, which is supplied for use by the GNSS 
receiver apparatus. The GNSS receiver apparatus comprises a 
navigation interface module, which is configured to receive 
the host time signal during a navigation operation, as required 
for spatial and/or temporal navigation purposes. The naviga 
tion interface module is further configured to provide a navi 
gation time signal based on at least the host time signal during 
the navigation operation. For example, the navigation time 
signal can be substantially a replica of the host time signal, or 
an adjusted version of the host time signal configured to 
reduce timing inaccuracies based on information about the 
host real time clock accuracy or inaccuracy, clock drift, clock 
skew, etc. 
The GNSS receiver apparatus further comprises a satellite 

signal receiver module which is configured to use the navi 
gation time signal to facilitate determination of a global time 
signal through reception of satellite signals during the navi 
gation operation. The navigation time signal can represent an 
a prioritime measurement, whereas the global time signal can 
represent a time measurement Substantially synchronized to 
time as kept by the satellites. The global time signal acquired 
during the navigation operation is provided to the navigation 
interface module during an update operation, in order that the 
global time signal may be used to configure one or more 
adjustments directly or indirectly relevant to the navigation 
time signal. These adjustments are configured to facilitate 
future navigation operations, for example by facilitating Sub 
stantial synchronicity between the navigation time signal and 
the global time signal. This can aid, for example in facilitating 
speed and/or efficiency of future navigation operations. For 
example, the adjustments can comprise providing an update 
signal to the host computer, in order that the host real time 
clock can be adjusted to Substantially synchronize the host 
time signal and the global time signal during the update 
operation. As another example, the adjustments can comprise 
adjusting a manner in which the navigation time signal is 
provided based on at least the host time signal, for example by 
adjusting parameters or schema used to derive the navigation 
time signal from the host time signal. Such as parameters 
relevant to the host real time clock accuracy, drift, etc. A host 
computer module can also be provided, for example within 
the host computer system, which can be configured to facili 
tate one or more adjustments during the update operation. 
Host Computer System 
The host computer system to which the GNSS receiver 

apparatus is coupled can be a personal computer Such as a 
laptop computer, portable or semi-portable desktop com 
puter, or other computing device Such as a PDA (personal 
digital assistant), automobile computer, cellular telephone, or 
the like. 
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The host computer system includes a host real time clock. 
This clock can be configured to Supply aspects of the com 
puter system with a time signal indicative of time as kept by 
the host clock for various purposes. For example, the clock 
can Supply a time signal to Software modules, operating sys 
tems, or hardware modules such as network interface cards. 
The time signal is also provided to the GNSS receiver appa 
ratus through a computer interface such as a USBTM, 
FIREWIRETM, BluetoothTM, IEEE 802.11, IEEE 802.15.4, 
ZigBeeTM, PC CardTM, PCMCIATM, ExpressCardTM, or other 
standard or non-standard wired or wireless interface. 

In an embodiment, hardware or software means can be 
provided in the host computer for adjusting the host real time 
clock in response to one or more events. For example, the 
operating system may be capable of initiating adjustment of 
the host real time clock automatically or according to the 
input of a user. A network interface card may also be capable 
of initiating adjustment of the host real time clock in response 
to a signal from the network. Furthermore, the GNSS receiver 
apparatus may provide a signal which initiates or facilitates 
adjustment of the host real time clock. 

In an embodiment, if the host real time clock can be 
adjusted in response to a signal from more than one origin, the 
host time signal provided to the GNSS receiver apparatus 
may not be guaranteed accurate, even within prespecified 
tolerance limits. For example, if anotherhardware or software 
application adjusts the host real time clock, the host real time 
clock may become Substantially useless for the purposes of 
operating the GNSS receiver apparatus until the clock is 
corrected. 

In an embodiment of the present invention, in order to 
correct the above-mentioned problem of the host real time 
clock being adjustable from multiple sources, the present 
invention provides for a clock gateway module configured to 
reduce the impact of multiple applications adjusting the host 
clock. For this purpose, the clock gateway module can man 
age one or more adjustments of the host real time clock, for 
example as initiated due to embodiments of the present inven 
tion, or due to other sources such as concurrently running 
hardware or software applications on the host computer sys 
tem or peripherals thereof. 

In an embodiment, a hardware or software module can act 
as a clock gateway module for incoming communication 
addressing the host real time clock. Operations intended to 
adjust the clock can be logged by the clock gateway module, 
such that changes detrimental to operation of the GNSS 
receiver apparatus can be detected. In addition, cumulative 
amounts by which the host real time clock is to be adjusted 
can be recorded and tracked for different applications by the 
clock gateway module, thereby allowing the host time signal 
to be corrected such that it can be used effectively by the 
GNSS receiver apparatus. 

In an embodiment, the clock gateway module can be con 
figured to provide a selected application specific host time 
signal to each different hardware or Software module requir 
ing a host time signal. In particular, the host time signal can be 
sent to the clock gateway module, which adjusts the host time 
signal according to an adjustment contained in memory for 
each application specific host time signal. The application 
specific host time signals are then made available to the 
appropriate modules as a replacement to the original host 
time signal. Signals intended to adjust the host real time clock 
originating from the different hardware or software modules 
may not directly adjust, for example, timekeeping means Such 
as hardware or Software counters operatively coupled to an 
oscillator circuit, but may instead adjust the adjustment con 
tained in memory associated with the clock gateway module 
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6 
for a selected application specific host time signal. Alterna 
tively, the clock gateway module can contain separate adjust 
able timekeeping means such as hardware or Software 
counters for different application specific host time signals. In 
this manner, the host real time clock as seen by the GNSS 
receiver apparatus can remain Substantially unaffected except 
for example by adjustments which are logged and recorded by 
the clock gateway module, as described previously, to allow 
for host time signal correction. As such, the application spe 
cific host time signals are substantially independent of each 
other, in the sense that each can be provided and adjusted 
independently without affecting the others. 

In an embodiment, the clock gateway module can provide 
corrections to the host real time clock, for example to increase 
accuracy of the host time signal as seen by the GNSS receiver 
apparatus. For example, clock drift measurements, clock 
skew measurements, temperature variation measurements, 
and the like, can be used to provide corrections to the host real 
time clock or the host time signal in order to more accurately 
align the host time signal as seen by the GNSS receiver 
apparatus with the global time signal, both during and 
between uses thereof. In this manner, the host time signal can 
be made more accurate, thereby improving operation of the 
GNSS receiver apparatus. 

In an embodiment, corrections provided by the clock gate 
way module can be facilitated by measuring one or more 
aspects of the host time signal. Such as differences between 
the host time signal and the global time signal. These aspects 
of the host time signal can be measured by periodically com 
paring the host time signal to a reference signal Such as the 
global time signal, and measuring errors or inaccuracies, or 
linear or nonlinear trends thereof, in the host time signal by 
linear or nonlinear interpolation, regression analysis, least 
squares, recursive least Squares, filtering Such as Kalman 
filtering, extended Kalman filtering, particle filtering, recur 
sive Bayesian estimation, or other methods as would be 
understood by a worker skilled in the art. The measured errors 
orinaccuracies or trends thereof can then be used to adjust the 
host time signal to increase the accuracy thereof, or they can 
be used to provide correction factors when using the host time 
signal, for example during acquisition of satellite signals. For 
example, linear or nonlinear feedback control methods such 
as PID control or linear-quadratic regulator control can be 
used for this purpose. For example, if the host real time clock 
were measured as running fast by 2 ms per second (for 
example at a substantially constant nominal temperature), 
and it has been determined that the host real time clock has not 
been adjusted for 60 seconds, then the host real time clock can 
be adjusted back by 120 ms to compensate for clock drift (for 
example by rewriting the clock memory or direct manipula 
tion of the real time clock circuit or shift registers). Alterna 
tively in this example, the host time acquisition module or 
satellite system receiver module can be configured to incor 
porate a delay of 120 ms into the host time signal when using 
or transmitting same. As another example, fixed delays, Such 
as delays related to clock skew, can be compensated by 
advancing the host real time clock Such that the host time 
signal does not exhibit a delay when it is received at the 
GNSS. That is, if there is substantial delay in propagating the 
host time signal, the host real time clock can be set to provide 
an accurate time measurement at the GNSS receiver appara 
tus, as opposed to in the host computer system. 
GNSS Receiver Apparatus 
The GNSS receiver apparatus is an electronic device for 

use with the host computer system, and is configured to 
receive and interpret satellite signals in order to derive infor 
mation Such as a location fix and a global time signal indica 
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tive of time as kept by the GNSS according to a prespecified 
format. The GNSS receiver apparatus can also have further 
functionality, Such as wireless communication functionality 
or other functionality as would be understood by a worker 
skilled in the art. The GNSS receiver apparatus can be opera 
tively coupled to the host computer system using an interface 
such as USBTM, FIREWIRETM, BluetoothTM, IEEE 802.11, 
IEEE 802.15.4, ZigBeeTM, PC CardTM, PCMCIATM, Express 
Card TM, or other standard or non-standard interface. The 
operative coupling facilitates access to the host time signal by 
the GNSS receiver apparatus during a navigation operation, 
which can be used to facilitate satellite signal reception. The 
global time signal obtained by the GNSS receiver apparatus is 
used to configure one or more adjustments configured to 
facilitate future navigation operations, as described herein. 

In various embodiments of the present invention, the 
GNSS receiver apparatus can comprise various electronics 
components, for example as known in the art, configured to 
facilitate operation of the GNSS receiver apparatus. For 
example, the GNSS receiver apparatus can comprise a pro 
cessor Such as a CPU, Volatile or non-volatile memory, logic 
circuits, communication devices, integrated circuits such as 
ASICs and FPGAs, and radio signal reception, amplification, 
demodulation and decoding devices. 

In an embodiment, facilitating the navigation operation 
comprises facilitating Substantial synchronicity between the 
navigation time signal and the global time signal. For 
example, aspects of the host computer system, host real time 
clock or navigation interface module can be adjusted so that 
when the navigation time signal is provided for the satellite 
signal reception operation, efforts have been made to make it 
an accurate representation of the global time signal. Gener 
ally speaking, a more accurate navigation time signal can 
expedite the satellite signal reception operation. Other meth 
ods of facilitating future navigation operations would be 
understood by a worker skilled in the art. 

In an embodiment, the operative coupling can facilitate 
other operations such as powering of the GNSS receiver 
apparatus by the host computer system, and/or transfer of 
location data from the GNSS receiver apparatus to the host 
computer system for use by applications residing thereon. 
The GNSS receiver apparatus according to embodiments 

of the present invention can include: an interface for coupling 
with the host computer system; a navigation interface mod 
ule; and a satellite signal receiver module, for example as 
described herein. In an embodiment, the navigation interface 
module also comprises a time signal adjustment module. 

In embodiments of the present invention, the navigation 
interface module is configured to receive a host time signal 
from the host computer system during a navigation operation. 
For example, the host computer system can route a signal 
representative of the host time signal to the interface with the 
GNSS receiver apparatus during the navigation operation, 
either periodically or in response to a request Such as gener 
ated by the GNSS receiver apparatus. The signal representa 
tive of the host time signal can be transmitted in accordance 
with the standards for the interface between the host computer 
system and the GNSS receiver apparatus. 

In embodiments of the present invention, the navigation 
interface module is further configured to provide a navigation 
time signal based on at least the host time signal. For example, 
the navigation time signal can be a Substantial replica of the 
host time signal if the host time signal is considered accurate, 
or it can be an adjusted version of the host time signal con 
figured to reduce timing inaccuracies based on information 
about the host real time clock accuracy, drift, skew, clock 
adjustment events, etc. The navigation interface module can 
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8 
further be configured to provide the navigation time signal in 
a format usable by the satellite signal receiver module. 
The satellite signal receiver module is operatively coupled 

to the navigation interface module, and is configured to use 
the navigation time signal to facilitate determination of a 
global time signal through reception of satellite signals dur 
ing the navigation operation. 

Typically, as is known in the art, a GNSS receiver deter 
mines a global time signal, along with information indicative 
of current geographic location, through processes such as 
trilateration, multilateration, triangulation, or the like. For 
example a GNSS receiver, such as a GPS receiver, can deter 
mine the global time signal and location by obtaining a col 
lection of pseudorange measurements. Each pseudorange 
measurement is obtained by correlating a locally generated 
pseudorandom code sequence with a corresponding (for 
example, Substantially identical but time shifted) pseudoran 
dom code sequence transmitted by a selected satellite. Gen 
eration of the locally generated pseudorandom code sequence 
begins at a predetermined time according to the navigation 
time signal. Transmission of the pseudorandom code 
sequence transmitted by the selected satellite begins at pre 
determined times according to the global time signal. By time 
shifting the locally generated pseudorandom code sequence 
and observing the resulting correlation with the pseudoran 
dom code sequence received from the satellite, the GNSS 
receiver can measure the propagation delay of the signal from 
the satellite, assuming that the navigation time signal is syn 
chronized to the global time signal. Multiplying this propa 
gation delay by the speed of light yields a pseudorange mea 
surement, indicative of the distance between the GNSS 
receiver and the satellite assuming the navigation time signal 
matches the global time signal. 

In addition to obtaining spatial positioning measurements, 
the GNSS receiver can also obtain timing information. For 
example, if the GNSS receiver obtains four or more pseudo 
range measurements to different satellites, not only can the 
three-dimensional coordinates of the GNSS receiver be deter 
mined by trilateration using transmitted information about 
the satellite's positions and the pseudorange measurements, 
but the global time signal can also be accurately obtained 
through satellite measurements. This is typically performed 
by using the fourth pseudorange measurement to determine a 
time signal which, if Substituted for the navigation time sig 
nal, would cause all pSuedorange measurements to Substan 
tially agree. This time signal is taken as the global time signal. 
This is possible since the beginnings of the pseudorandom 
code sequences transmitted by each satellite are synchro 
nized. Additional pseudorange measurements can be used to 
refine position and/or timing measurements, using estimation 
techniques as known in the art. In this case, measurements of 
the spatial position and/or global time signal are typically 
taken as measurements which best fit, according to some 
predetermined criteria, the received satellite signal informa 
tion. 

In an embodiment, the satellite signal receiver module is 
configured to determine the global time signal by determining 
a pseudorange to four or more satellites, then determining the 
global time signal by selecting from a range of possible global 
time signals, such that using the selected time signal as the 
navigation or global time signal would result in a Substan 
tially consistent set of pseudorange measurements giving a 
single location measurement with a predetermined degree of 
accuracy and precision. 

In an embodiment, the satellite signal receiver module can 
use the navigation time signal to facilitate determination of a 
global time signal by using the navigation time signal to 
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determine which satellites are currently visible and to priori 
tize a search for signals from said satellites. For example, only 
a portion of GNSS satellites such as GPS satellites are visible 
from a given position at a given time. Furthermore, the most 
accurate information can be obtained from those satellites 
which are neither too directly overhead nor too close to the 
horizon. Therefore, given an approximate location and accu 
rate time information from the navigation time signal, a 
GNSS satellite signal receiver module can predict which sat 
ellite signals may be available, and prioritize a search for said 
signals based on expected accuracy of information, expected 
availability of signals, and the like. 

In an embodiment, the satellite signal receiver module can 
use the navigation time signal to facilitate determination of a 
global time signal by using the navigation time signal as an 
initial estimate of the global time signal to initialize a signal 
receiving operation. For example, in determining a pseudor 
ange measurement, a GNSS receiver such as a GPS receiver 
performs a time shifting operation on the locally generated 
pseudorandom code sequence to correlate it with a corre 
sponding received pseudorandom code sequence. The dura 
tion of the time shifting operation can be significantly short 
ened if the navigation time signal is Substantially 
synchronized with the global time signal, since an accurate 
initial estimate for the required time shift producing the 
desired correlation can be provided, thereby reducing the 
search range for this operation. 

In an embodiment, if the navigation time signal is suffi 
ciently synchronized with the global time signal, only three 
pseudorange measurements may be required in order to 
obtain an accurate position fix, for example through trilatera 
tion. However, additional pseudorange measurements can 
still be performed for various purposes, for example perform 
ing an update operation. 

In an embodiment, knowledge of some elements of posi 
tion, for example height above sea level, can also reduce the 
number of pseudorange measurements required in order to 
obtain an accurate position or time fix. Such information can 
also be used to reduce time taken for the navigation operation, 
for example by facilitating selection of satellite signals or 
influencing timing of locally generated pseudorandom code 
Sequences. 

After its acquisition, the determined global time signal is 
used to configure one or more adjustments, configured to 
facilitate future navigation operations. For example, future 
navigation operations, either immediately following the cur 
rent operation or following an intervening time interval, can 
be facilitated by providing an accurate navigation time signal, 
or by using the global time signal to otherwise facilitate or 
expedite future navigation operations. The one or more 
adjustments can be configured or performed to facilitate Such 
provisions. 

In an embodiment, the navigation interface module is con 
figured to determine one or more differences between the host 
time signal and the global time signal, by comparing obser 
vations of the global time signal with observations of the host 
time signal. Based on one or more Such comparisons, a time 
derivation procedure can be established which derives the 
navigation time signal from the host time signal in a manner 
which is expected to improve accuracy of the navigation time 
signal, for example to facilitate Substantial synchronicity 
between the navigation time signal and the global time signal. 
For example, the time derivation procedure can be used to 
compensate for accumulated clock inaccuracies due for 
example to clock drift, offsets such as due to clock skew, 
power events, temperature variations, component variations, 
clock adjustment events, or the like. 
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10 
For example, in an embodiment of the present invention, 

determined differences between the host time signal and the 
global time signal can be represented by a polynomial equa 
tion: 

(1) 

where t represents time according to the global time signal, 
h(t) represents time according to the host time signal, and 
ao.a.a.a. . . . are parameters determined through one or 
more comparisons between the observed host time signal and 
the observed global time signal. For example, a can represent 
a constant offset between host time signal and the global time 
signal. Such as related to clock skew between the host real 
time clock and the GNSS, whereas a can represent a constant 
drift factor of the host time signal relative to the global time 
signal. Higher order terms can be used to model more com 
plex clock inaccuracies, although it is understood that typi 
cally h(t) is an increasing function. The host time signal and 
the global time signal can be considered substantially syn 
chronized if h(t)st. Other representations, for example using 
other periodic, transcendental, analytic, non-analytic, or 
other functions, look-up tables, frequency domain or other 
transform-domain representations, or the like, can be used as 
an alternative to the polynomial equation (1). 

In an embodiment, differences between the host time sig 
nal and the global time signal can be measured by periodically 
comparing the host time signal to a reference signal Such as 
the global time signal, and measuring errors or inaccuracies in 
the host time signal by linear or nonlinear interpolation, 
regression analysis, least squares, recursive least squares, 
filtering Such as Kalman or particle filtering, or other methods 
as would be understood by a worker skilled in the art. For 
example, the parameters of Expression (1) can be measured 
by multiple comparisons and applications of such filtering or 
estimation techniques. 

In an embodiment, the navigation interface module com 
prises a time signal adjustment module configured to derive 
the navigation time signal from the host time signal, accord 
ing to the currently specified and parameterized time deriva 
tion procedure. For example, the navigation interface module 
can model differences between the host time signal and the 
global time signal according to the representation of Expres 
Sion (1), with parameters ao,a,a2,.a.s.. . . . determined as dis 
cussed above. For h(t) an increasing function, a time deriva 
tion procedure typically amounts to evaluating the inverse 
h'(s) at specified values of s which represent the host time 
signal. That is, if according to the host time signal the time at 
an instant is given by values, then the time derivation proce 
dure determines a corresponding valuet which satisfies h(t) 
=s. A worker skilled in the art would understand the various 
techniques for efficiently determining or approximately 
evaluating such a corresponding value. A discrete or continu 
ous sequence of values derived in Such a manner comprise the 
navigation time signal, which can be considered a Substan 
tially “corrected time signal in this embodiment of the 
present invention. 

In an embodiment, the navigation interface module is con 
figured to provide the host computer system or host computer 
module with an update signal during an update operation. For 
example, the navigation interface update module of the 
GNSS receiver apparatus can route an update signal indica 
tive of the global time signal or other relevant timing infor 
mation through an interface to the host computer system 
during the update operation, either periodically or in response 
to a request such as generated by the GNSS receiver apparatus 
or the host computer system. The update signal can be repre 
sentative of the global time signal or measurements depen 
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dent thereon and is typically transmitted in accordance with 
the standards for the interface between the host computer 
system and the GNSS receiver apparatus. The update signal is 
useful for configuring one or more adjustments to facilitate 
synchronicity between the navigation time signal and the 
global time signal. For example, the update signal can be used 
to facilitate adjustment of the host real time clock such that 
the host time signal (upon which the navigation time signal 
can be based) is substantially synchronized with the global 
time signal, or is otherwise adjusted, for example to provide a 
host time signal or navigation time signal useful for future 
navigation operations. Other aspects related to the host real 
time clock on board the host computer system can also be 
adjusted. 
Host Computer Module 

In an embodiment, the present invention provides for a host 
computer module, for example including hardware or soft 
ware operating on or with the host computer system, the host 
computer module being configured to interface with the host 
real time clock and with the navigation interface module. The 
host computer module provides for enhanced interaction 
between the host computer system and the GNSS receiver 
apparatus. 

In an embodiment, the host computer module is configured 
to interface with the host real time clock to substantially 
synchronize the host time signal thereof with the global time 
signal. For this purpose, the host computer module can be 
configured to receive a signal representative of the global time 
signal from the navigation interface module, through the 
interface between the host computer system and the GNSS 
receiver apparatus. 

In an embodiment, the host computer module is configured 
to adjust the host real time clock, either directly or through a 
clock gateway module. For example, the host computer mod 
ule can be configured to access a memory location or hard 
ware or software counter indicative of the current state of the 
host real time clock, and update the memory location or 
counter in a manner that updates the host real time clock Such 
that the host time signal is substantially synchronized with the 
global time signal, as provided to the host computer module 
by the host time update module. In a further embodiment, the 
host computer module first reads the current state of the host 
real time clock in order to facilitate or record the update 
process. 

In an embodiment, updating of the host real time clock 
takes a measurable variable or fixed amount of time to com 
plete, thereby possibly rendering the signal indicative of the 
global time signal outdated by the time the memory location 
or counter update is performed. For this purpose, the host 
computer module can be configured to correct for any delays 
by advancing the value to be written into the memory location 
or counter by an amount selected to compensate for the vari 
able or fixed delay. In the case of variable delay, factors 
determining the variation in a predetermined fashion can be 
measured to determine the amount of variable delay. 
The modules, systems, and other components of the 

present invention, for example the host real time clock, host 
time acquisition module, satellite signal receiver module, 
host time update module, host computer module, and the like, 
can be provided, coupled, or integrated in a variety of ways. 
For example, modules, systems or components can include 
dedicated hardware (for example electronics components), 
shared hardware between two or more modules, systems or 
components, or a combination of dedicated and shared hard 
ware. Modules, systems or components can also include dedi 
cated software or firmware, shared software or firmware 
between two or more modules, systems or components, or a 
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12 
combination of dedicated and shared software or firmware. 
Furthermore, the software or firmware can be executed by 
dedicated processing devices, shared processing devices 
between two or more modules, systems or components, or a 
combination of dedicated and shared processing devices to 
provide the desired functionality of the present invention. All 
or a portion of the functionality of the modules, systems, and 
components can optionally be managed by one or more oper 
ating systems, hardware systems, communication network 
controllers, or other systems as would be understood by a 
worker skilled in the art. 

For example, referring to FIG. 2, in an embodiment, the 
host computer module 260, host real time clock 270, time 
keeping module 280, gateway module 275 and data interface 
port 214 on the host computer system 250 can optionally 
share some hardware resources, such as a host system central 
processing unit (CPU) and power Supply, while also each 
having dedicated hardware resources, such as clock circuitry 
and data interface circuitry. As another example, the host real 
time clock 270 and network interface port 214 can also have 
substantially separate firmware for operation thereof, while 
also being supported by common firmware such as a BIOS. 
As yet another example, each of the host computer module 
260, host real time clock 270, timekeeping module 280, gate 
way module 275 and data interface port 214 can operate in 
accordance with the present invention using a combination of 
dedicated modular software units (for example drivers) 
within a larger Software system such as an operating system. 
Other computer architectures would be understood by a 
worker skilled in the art. 

Continuing with reference to FIG. 2, in an embodiment, the 
navigation interface module, 120, satellite signal receiver 
module 130, time signal adjustment module 140, and data 
interfaceport 110 of the receiver apparatus 100 can optionally 
share some hardware, Software and firmware resources either 
with each other or with the host computer system 250. For 
example, the receiver apparatus 100 can include a common 
processor used by multiple modules, or the satellite signal 
receiver module may use a dedicated processor. Instructions 
for Software or firmware can reside on the receiver apparatus 
100 (in dedicated or shared memory), the host computer 
system 250, or a combination thereof. For example, the host 
computer system 250 can transmit software agents to the 
receiver apparatus 100 to execute some functions thereon, as 
is known in the art. Updates to software or firmware of the 
various modules of the receiver apparatus 100 can optionally 
be initiated by sending information from the host computer 
system 250. Modules of the receiver apparatus 100 can also 
optionally use processing devices on board the host computer 
system 250. Furthermore, portions of the navigation interface 
module 120 can be closely coupled with portions of the sat 
ellite signal receiver module 130, in order to facilitate trans 
mission and manipulation of the navigation time signal 125. 
Other variations of configuration of modules, systems or 
components of the present invention would be understood by 
a worker skilled in the art. 
The invention will now be described with reference to 

specific examples. It will be understood that the following 
examples are intended to describe embodiments of the inven 
tion and are not intended to limit the invention in any way. 

EXAMPLES 

Example 1 

FIG. 1 illustrates a GNSS receiver apparatus 100 such as a 
plug-in GPS receiver card for coupling with a host computer 
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system such as a laptop, PDA, automobile computer, cell 
phone, etc. according to an embodiment of the present inven 
tion. The receiver apparatus 100 is configured to receive a 
host time signal 105 from the host computer system through 
a data interface port 110. The data interface port 110 can also 
pass other signals related to operation of the GNSS receiver 
apparatus 100. Such as position information, as well as power 
and ground lines from the host computer system. During a 
navigation operation, the host time signal 105 from the host 
computer system is Supplied to a navigation interface module 
120, which is configured to receive the host time signal. The 
navigation interface module 120 can also perform tasks Such 
as requesting the host time signal 105 from the host computer 
system, Supplying a navigation time signal 125 to the satellite 
signal receiver module 130, deriving the navigation time sig 
nal based on at least the host time signal, receiving a global 
time signal 135 from the satellite signal receiver module 130, 
and Supplying an update signal 145 to the host computer 
system. 

Continuing with reference to FIG.1, during the navigation 
operation the satellite signal receiver module 130 is config 
ured to receive satellite signals 132, for example from GPS 
satellites, and interpret these signals in order to determine 
both position information and a global time signal, for 
example according to standard GPS operations as would be 
readily understood by a worker skilled in the art. The global 
time signal is indicative of time kept by mutually synchro 
nized clocks aboard the GPS satellites. The satellite signal 
receiver module 130 is configured such that a navigation time 
signal, when Substantially synchronized with the global time 
signal, can reduce the time taken by the satellite signal 
receiver module 130 to determine the global time signal. For 
example, an accurate navigation time signal can lead to accu 
rate positioning information of the satellites and an accurate 
prediction of the phase or start time of pseudorandom signals 
transmitted by GPS satellites. 

Continuing with reference to FIG. 1, the satellite signal 
receiver module 130 is configured to supply the global time 
signal 135, acquired during the navigation operation, to the 
navigation interface module 120 during an update operation. 
The navigation interface module is configured to use at least 
the global time signal to configure one or more adjustments 
during the update operation. These one or more adjustments 
are configured to facilitate future navigation operations, for 
example by facilitating Substantial synchronicity between the 
navigation time signal and the global time signal. 

In an embodiment, the navigation interface module 120 is 
configured to use the global time signal to configure one or 
more adjustments, configured to facilitate future navigation 
operations, for example by facilitating Substantial synchro 
nicity between the navigation time signal and the global time 
signal. In a further embodiment, this is performed with the aid 
of an optional time signal adjustment module 140. 

In an embodiment, the navigation interface module 120 is 
configured to supply an update signal 145 to the host com 
puter system through the data interface port 110. For 
example, the update signal 145 can be indicative of the global 
time signal 135. The update signal 145 is then used to adjust 
the host real time clock in order to substantially synchronize 
the host time signal 105 and the global time signal 145. In this 
manner, the host time signal 105 supplied to the GNSS 
receiver apparatus 100 in future acquisition operations is 
made more accurate for use in future satellite signal reception 
operations. 

Example 2 

FIG. 2 illustrates a GNSS-enabled system including a 
GNSS receiver apparatus 100 such as a plug-in GPS receiver 
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card coupled to a host computer system 250 such as a laptop, 
PDA, automobile computer, cell phone, etc. according to an 
embodiment of the present invention. The receiver apparatus 
100 is configured to receive a host time signal 105 from the 
host computer system 250 through a data interface port 110. 
which receives the signal from the host computer system 250 
through a data link 212 connecting the data interface port 110 
to a corresponding data interface port 214 on the host com 
puter system 250. The data interface port 110 can also pass 
other signals related to operation of the GNSS receiver appa 
ratus 100. Such as position information, as well as power and 
ground lines from the host computer system 250. Other 
operations of the GNSS receiver apparatus 100 are as 
described in Example 1. 

Continuing with reference to FIG. 2, in an embodiment, the 
navigation interface module 120 is configured to supply an 
update signal 145 to the host computer system 250 through 
the data interface port 110. For example, the update signal 
145 can be indicative of the global time signal 135. The 
update signal passes through the data interface port 110. 
through a data link 212, and through a corresponding data 
interface port 214 of the host computer system 250. A host 
computer module 260 receives the update signal 145 and is 
configured to adjust the host real time clock 270 to substan 
tially synchronize the host time signal and the global time 
signal 245 during the update operation. In embodiments of 
the present example, the host real time clock 270 can include 
a gateway module 275 and a timekeeping module 280. The 
timekeeping module 280 can include a hardware circuit, Such 
as a crystal oscillator coupled to a series of ripple counters, as 
would be understood by a worker skilled in the art. The 
gateway module can include an interface to the timekeeping 
module 280, and can optionally perform as a separate inter 
face for different hardware or software systems adjusting the 
host real time clock, Such that adjustments from Systems other 
than the GNSS receiver apparatus and host computer module 
do not Substantially impact the synchronization of the host 
time signal to the global time signal as seen by the GNSS 
receiver apparatus. 

Example 3 

FIG. 3 illustrates a method for operating a GNSS receiver 
apparatus according to an embodiment of the present inven 
tion. In an initial step 310, the GNSS receiver apparatus 
acquires a host time signal from the host computer system. 
The host time signal can be acquired by sending a request to 
the host computer system, or by periodically or continuously 
reading a signal transmitted by the host computer system 
indicative of the host time signal. In the next step 320, the 
GNSS receiver apparatus provides a navigation time signal 
based on at least the host time signal. For example, the navi 
gation time signal can be a substantial replica of the host time 
signal if the host time signal is considered accurate, or it can 
be an adjusted version of the host time signal configured to 
reduce timing inaccuracies based on information about the 
host real time clock accuracy, drift, etc. In the next step 330, 
the GNSS receiver apparatus configures a satellite signal 
reception operation using the navigation time signal. The 
navigation time signal is used to reduce the time taken by the 
satellite signal reception operation, as discussed previously. 
In the next step, 340, the satellite signal reception operation is 
executed by the GNSS receiver apparatus, for example by 
observing and correlating locally generated and time shifted 
pseudorandom sequences based on the host time signal with 
corresponding pseudorandom sequences received from the 
satellites to determine a position fix and timing information 
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from the satellites. In the next step 350, the timing informa 
tion determined in step 330 is used to recover a global time 
signal, indicative of a global time kept by the satellites. In step 
360, the global time signal is used to configure one or more 
adjustments based on at least the global time signal, the one or 
more adjustments configured to facilitate future navigation 
operations. For example, future navigation operations can be 
facilitated by facilitating substantial synchronicity between 
the navigation time signal and the global time signal. For 
example, the one or more adjustments can include adjusting 
the host real time clock of the host computer system to sub 
stantially synchronize the host time signal and the global time 
signal, and providing the navigation time signal based Sub 
stantially on the host time signal. As another example, the one 
or more adjustments can include adjusting parameters of a 
time signal adjustment operation by which the navigation 
time signal is derived from the host time signal based on prior 
collected information about the host time signal and correc 
tive measures which can be taken thereupon to improve time 
signal accuracy. For example, clock skew, clock drift, extra 
neous clock adjustments, or other sources of time signal 
inaccuracy can be monitored and corrective measures can be 
taken. 

Example 4 

FIG. 4 illustrates a GNSS-enabled system including a plug 
in card type GNSS receiver apparatus 100 operatively 
coupled to a host computer laptop system 250 according to an 
embodiment of the present invention. The plug-in connection 
can be a PCMCIATM connection, CardBusTM connection, PC 
Card TM connection, ExpressCard TM connection, USBTM con 
nection, FIREWIRETM connection, or other plug-in connec 
tion as would be understood by a worker skilled in the art. The 
GNSS receiver apparatus 100 observes signals from satellites 
470 to facilitate determination of a global time signal. It will 
be apparent to a worker skilled in the art that other connec 
tivity configurations between host computer system and 
GNSS receiver apparatus are possible. For example, a wired 
connection comprising a USBTM or FIREWIRETM or other 
cable can be used, as can wireless connections such as facili 
tated by BluetoothTM, IEEE 802.11, ZigBeeTM, IEEE 
802.15.4, and the like. Moreover, the host computer system is 
not limited to a laptop, but can be any computer system or 
PDA, cellular phone, or other electronic device capable of 
providing a real time clock signal, as would be understood by 
a worker skilled in the art. 

Example 5 

FIG. 5 illustrates the timing sequence of signals between 
the host computer system 250, navigation interface module 
120 and satellite signal receiver module 130 according to an 
embodiment of the present invention. 
As illustrated in FIG. 5, during a navigation operation 520, 

a host time signal 105 is provided by the host computer 
system 250 to the navigation interface module 120. The navi 
gation interface module 120 then provides a navigation time 
signal 125 to the satellite signal receiver module 130 based on 
the host time signal. This can involve processing of the host 
time signal 105. The satellite signal receiver module 130 then 
uses the navigation time signal 125 to facilitate determination 
of a global time signal 135, via reception of satellite signals. 
As further illustrated in FIG. 5, during an update operation 

540, the global time signal 135 is provided by the satellite 
signal receiver module 130 to the navigation interface module 
120. The global time signal 135 may be used to configure one 
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or more adjustments at the navigation interface module 120. 
Optionally, an update signal 145 can be provided from the 
navigation interface module 120 to the host computer system 
250, the update signal facilitating one or more adjustments of 
modules of the host computer system 250. 

It will be appreciated that, although specific embodiments 
of the invention have been described herein for purposes of 
illustration, various modifications may be made without 
departing from the spirit and scope of the invention. In par 
ticular, it is within the scope of the invention to provide a 
computer program product or program element, or a program 
storage or memory device Such as a Solidor fluid transmission 
medium, magnetic or optical wire, tape or disc, or the like, for 
storing signals readable by a machine, for controlling the 
operation of a computer according to the method of the inven 
tion and/or to structure Some or all of its components in 
accordance with the system of the invention. 

For example, in embodiments of the present invention, all 
orportions of the host computer module, clock gateway mod 
ule, and/or timekeeping module can be provided by config 
uring components of a general purpose computer using a 
computer program productor Software, for example provided 
to operate with hardware such as the GNSS receiver appara 
tuS. 

In addition, while portions of the above discuss the inven 
tion as it can be implemented using a generic OS and/or 
generic hardware, it is within the scope of the present inven 
tion that the method, apparatus and computer program prod 
uct of the invention can equally be implemented to operate 
using a non-generic OS and/or can use non-generic hardware. 

Further, each step of the method may be executed on any 
general computer, such as a personal computer, server or the 
like and pursuant to one or more, or a part of one or more, 
program elements, modules or objects generated from any 
programming language, such as C++, Java, P1/1, or the like. 
In addition, each step, or a file or object or the like imple 
menting each said step, may be executed by special purpose 
hardware or a circuit module designed for that purpose. 

It is clear that the described embodiments of the invention 
are exemplary and can be varied in many ways. Such varia 
tions are not to be regarded as a departure from the spirit and 
Scope of the invention, and all such variations, as would be 
obvious in the art, are intended to be included within the scope 
of the following claims. 

I claim: 
1. A global navigation satellite system receiver apparatus 

configured for operative coupling to a host computer system, 
the global navigation satellite system receiver apparatus com 
prising: 

a) a navigation interface module configured to receive a 
host time signal from the host computer system during a 
navigation operation, the navigation interface module 
further configured to provide a navigation time signal 
based on at least the host time signal during said navi 
gation operation, wherein the host time signal comprises 
a first indication of time in a first prespecified format, 
and wherein the navigation time signal comprises a sec 
ond indication of time in the first prespecified format or 
a second prespecified format based at least in part on the 
first indication of time; and 

b) a satellite signal receiver module configured to use the 
navigation time signal to facilitate determination of a 
global time signal through reception of satellite signals 
during said navigation operation; 

wherein the global time signal is provided to the navigation 
interface module during an update operation, the navigation 
interface module configured to use at least the global time 
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signal to configure one or more adjustments during said 
update operation, said one or more adjustments configured to 
facilitate future navigation operations. 

2. The apparatus of claim 1, wherein the host time signal is 
provided by a host real time clock of the host computer 
system. 

3. The apparatus of claim 2, wherein the one or more 
adjustments during the update operation include an adjust 
ment of the host real time clock. 

4. The apparatus of claim 2, further comprising a clock 
gateway module of the host real time clock, the clock gateway 
module configured to manage one or more adjustments to the 
host real time clock, the one or more adjustments to the host 
real time clock provided by one or more sources. 

5. The apparatus of claim 4, wherein the clock gateway 
module is further configured to provide one or more applica 
tion specific host time signals, wherein each application spe 
cific host time signal is independent. 

6. The apparatus of claim 1, the apparatus further compris 
ing a host computer module of the host computer system, the 
host computer module configured to facilitate the one or more 
adjustments during the update operation. 

7. The apparatus of claim 1, wherein the one or more 
adjustments during the update operation are configured to 
facilitate synchronicity between the navigation time signal 
and the global time signal. 

8. The apparatus of claim 2, wherein the navigation time 
signal is generated at least in part based on information about 
the host real time clock, said information selected from the 
group comprising: clock accuracy, clock drift, clock skew, 
power events, temperature variation, component variation, 
and clock adjustment events. 

9. A global navigation satellite system receiver apparatus 
configured for operative coupling to a host computer system, 
the global navigation satellite system receiver apparatus com 
prising: 

a) a navigation interface module configured to receive a 
host time signal from the host computer system during a 
navigation operation, the navigation interface module 
further configured to provide a navigation time signal 
based on at least the host time signal during said navi 
gation operation; and 

b) a satellite signal receiver module configured to use the 
navigation time signal to facilitate determination of a 
global time signal through reception of satellite signals 
during said navigation operation; 

wherein the global time signal is provided to the navigation 
interface module during an update operation, the navi 
gation interface module configured to use at least the 
global time signal to configure one or more adjustments 
during said update operation, said one or more adjust 
ments configured to facilitate future navigation opera 
tions, and wherein the navigation interface module fur 
ther comprises a time signal adjustment module, the 
time signal adjustment module configured to derive the 
navigation time signal from the host time signal based on 
a parameterized time derivation procedure. 

10. The apparatus of claim 9, wherein the one or more 
adjustments configured during the update operation include 
an adjustment to the one or more parameters of the param 
eterized time derivation procedure. 

11. The apparatus of claim 9, wherein the host time signal 
is provided by a host real time clock of the host computer 
system. 

12. The apparatus of claim 11, wherein the one or more 
adjustments during the update operation include an adjust 
ment of the host real time clock. 
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13. The apparatus of claim 11, further comprising a clock 

gateway module of the host real time clock, the clock gateway 
module configured to manage one or more adjustments to the 
host real time clock, the one or more adjustments to the host 
real time clock provided by one or more sources. 

14. The apparatus of claim 13, wherein the clock gateway 
module is further configured to provide one or more applica 
tion specific host time signals, wherein each application spe 
cific host time signal is independent. 

15. The apparatus of claim 9, the apparatus further com 
prising a host computer module of the host computer system, 
the host computer module configured to facilitate the one or 
more adjustments during the update operation. 

16. The apparatus of claim 9, wherein the one or more 
adjustments during the update operation are configured to 
facilitate synchronicity between the navigation time signal 
and the global time signal. 

17. The apparatus of claim 11, wherein the navigation time 
signal is generated at least in part based on information about 
the host real time clock, said information selected from the 
group comprising: clock accuracy, clock drift, clock skew, 
power events, temperature variation, component variation, 
and clock adjustment events. 

18. A method of operating a global navigation satellite 
system receiver apparatus operatively coupled to a host com 
puter system, the method comprising: 

a) performing a navigation operation, the navigation opera 
tion comprising: 
i) providing a navigation time signal based on at least a 

host time signal from the host computer, wherein the 
host time signal comprises a first indication of time in 
a first prespecified format, and wherein the navigation 
time signal comprises a second indication of time in 
the first prespecified format or a second prespecified 
format based at least in part on the first indication of 
time; 

ii) using the navigation time signal to perform a satellite 
signal reception operation; and 

iii) determining a global time signal at least in part based 
on information obtained from the satellite signal 
reception operation; and 

b) using at least the global time signal to perform one or 
more adjustments to facilitate future navigation opera 
tions. 

19. The method of claim 18, wherein the host time signal is 
provided by a host real time clock of the host computer 
system. 

20. The method of claim 19, wherein the one or more 
adjustments include an adjustment of the host real time clock. 

21. The method of claim 19, wherein the host real time 
clock services one or more auxiliary applications and wherein 
the method further comprising the step of providing an appli 
cation specific host time signal for each of the one or more 
auxiliary applications, wherein each application specific host 
time signal is independent of the host time signal. 

22. The method of claim 18, wherein the one or more 
adjustments performed to facilitate future navigation opera 
tions facilitate synchronicity between the navigation time 
signal and the global time signal. 

23. The method of claim 18, wherein providing the navi 
gation time signal further comprises modifying the host time 
signal according to a modification schema, wherein the one or 
more adjustments include an adjustment to the modification 
schema. 

24. The method of claim 23, wherein the modification 
schema is based at least in part on information selected from 
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the group comprising: clock accuracy, clock drift, clock skew, 
power events, temperature variation, component variation, 
and clock adjustment events. 

25. A method of operating a global navigation satellite 
system receiver apparatus operatively coupled to a host com- 5 
puter system, the method comprising: 

a) performing a navigation operation, the navigation opera 
tion comprising: 
i) providing a navigation time signal based on at least a 

host time signal from the host computer system; 
ii) using the navigation time signal to perform a satellite 

signal reception operation; and 
iii) determining a global time signal at least in part based 
on information obtained from the satellite signal 
reception operation; and 

b) using at least the global time signal to perform one or 
more adjustments to facilitate future navigation opera 
tions; 

wherein the navigation time signal is derived from the host 
time signal based on a parameterized time derivation 
procedure. 

26. The method of claim 25, wherein the one or more 
adjustments performed to facilitate future navigation opera 
tions include an adjustment to the one or more parameters of 
the parameterized time derivation procedure. 

27. The method of claim 25, wherein the host time signal is 
provided by a host real time clock of the host computer 
system. 

28. The method of claim 27, wherein the one or more 
adjustments include an adjustment of the host real time clock. 

29. The method of claim 27, wherein the host real time 
clock services one or more auxiliary applications and wherein 
the method further comprises the step of providing an appli 
cation specific host time signal for each of the one or more 
auxiliary applications, wherein each application specific host 
time signal is independent of the host time signal. 

30. The method of claim 25, wherein the one or more 
adjustments performed to facilitate future navigation opera 
tions facilitate synchronicity between the navigation time 
signal and the global time signal. 

31. The method of claim 25, wherein providing the navi 
gation time signal further comprises modifying the host time 
signal according to a modification schema, wherein the one or 
more adjustments include an adjustment to the modification 
schema. 

32. The method of claim 31, wherein the modification 
schema is based at least in part on information selected from 
the group comprising: clock accuracy, clock drift, clock skew, 
power events, temperature variation, component variation, 
and clock adjustment events. 

33. A global navigation satellite system (GNSS) enabled 
system comprising: 

a) a host computer module operatively coupled to a host 
real time clock, the host real time clock configured to 
provide a host time signal; and 
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b) a global navigation satellite system receiver apparatus 

operatively coupled to the host computer module, the 
global navigation satellite system receiver apparatus 
comprising: 
i) a navigation interface module configured to receive 

the host time signal during a navigation operation, the 
navigation interface module further configured to 
provide a navigation time signal based on at least the 
host time signal during said navigation operation, 
wherein the host time signal comprises a first indica 
tion of time in a first prespecified format, and wherein 
the navigation time signal comprises a second indica 
tion of time in the first prespecified format or a second 
prespecified format based at least in part on the first 
indication of time; and 

ii) a satellite signal receiver module configured to use the 
navigation time signal to facilitate determination of a 
global time signal through reception of satellite sig 
nals during said navigation operation; 

wherein the global time signal is provided to the navigation 
interface module during an update operation, the navi 
gation interface module configured to use at least the 
global time signal to configure one or more adjustments 
during said update operation, said one or more adjust 
ments configured to facilitate future navigation opera 
tions. 

34. A global navigation satellite system (GNSS) enabled 
system comprising: 

a) a host computer module operatively coupled to a host 
real time clock, the host real time clock configured to 
provide a host time signal; and 

b) a global navigation satellite system receiver apparatus 
operatively coupled to the host computer module, the 
global navigation satellite system receiver apparatus 
comprising: 
i) a navigation interface module configured to receive 

the host time signal during a navigation operation, the 
navigation interface module further configured to 
provide a navigation time signal based on at least the 
host time signal during said navigation operation, 
wherein the navigation time signal is derived from the 
host time signal based on a parameterized time deri 
Vation procedure; and 

ii) a satellite signal receiver module configured to use the 
navigation time signal to facilitate determination of a 
global time signal through reception of satellite sig 
nals during said navigation operation; 

wherein the global time signal is provided to the navigation 
interface module during an update operation, the navi 
gation interface module configured to use at least the 
global time signal to configure one or more adjustments 
during said update operation, said one or more adjust 
ments configured to facilitate future navigation opera 
tions. 


